The biological activity and composition of the essential oil of the aerial flowering parts of D. moldavica have been investigated. The oil analysis was performed by GC and GC-MS. Thirteen compounds were identified, representing 99.8% of the oil. Oxygenated monoterpenes (96.3%) were found to be the principal group of compounds, of which neral, geranial, geranyl acetate and geraniol with 32.1, 21.6, 19.9 and 17.6% of the total oil were the main constituents, respectively. The in vitro antimicrobial activity of the essential oil and its main components, citral, geraniol and geranyl acetate, showed that all of the tested microorganisms were highly inhibited by the essential oil with inhibition zones ranged from 15 -41 mm for bacteria and 29 -30 mm for fungi. The most sensitive microorganisms were Bacillus subtilis, Staphylococcus aureus and S. epidermidis with the lowest MIC values of 0.9 mg/mL. Considering sensitivity screening, it is conceivable that the activity of the oil from D. moldavica could be attributed mainly to the presence of citral.
Dracocephalum L. belongs to the Lamiaceae family and consists of eight annual and perennial species in the flora of Iran [1] . Moldavian dragonhead (D. moldavica L.) with a vernacular name of "Badrashbi" is an annual aromatic and medicinal plant that is cultivated frequently in Urmia (West Azarbaijan province) and more or less in other provinces of Iran. Distillate of the aerial flowering parts of the plant are widely used in Iranian folk medicine [2] .
Ethnobotanical and pharmacological reports record the use of the plant as a diaphoretic, reconstituent, cardiotonic and for the treatment of flatulence, nausea, snake bites and stings [3, 4] . The essential oil of D. moldavica is widely used for pain relief and to treat kidney complaints, and also as an antiseptic and stimulant in folk medicine of Europe [5, 6] .
In the essential oil of D. moldavica herb collected in Hungary, geranyl acetate (33.1%), geranial (28.2%), neral (19.8%) and geraniol (8.2%) have been identified as main components [6] . The percentage distribution of constituents of the traditional oil of D. moldavica from Hungary has been investigated and geraniol (33.1%), geranyl acetate (27.5%), geranial (8.8%) and neral (6.1%) were characterized as the major ones [7] . Phytosterols in the unsaponifiable fraction and a high content of polyunsaturated fatty acids in the saponifiable fraction of the fixed seed oil of D. moldavica have already been reported [8] .
In another study, the antioxidant activity of the methanolic extract of dragonhead herb has been investigated [9] . The presence of limonene and α-terpineol has been reported to be responsible for the antinociceptive property of the essential oil of D. kotschyi, which was comparable to that of hyoscine and indomethacin, the controls used [10] . Among bioactive constituents isolated from D. subcapitatum from Iran, citral and limonen-10-al were determined as the most effective compounds against epimastigotes of Trypanosoma cruzi, the parasitic agent of Chagas disease [11] . Citral (29.3%) and β-caryophyllene (21.5%) were reported as the principal oil constituents of D. kotschyi grown in Iran [12] . Twenty compounds were identified in the oil of D. aucheri, also collected from Iran, with sabinene (55.2%) as the major constituent [13] .
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The essential oil isolated by hydrodistillation from the aerial flowering parts of D. moldavica was found be a yellow liquid with a yield of 0.2% (w/w) on the basis of the dry weight of plant. Thirteen components were identified, representing 99.8% of the total oil. The percentage compositions of the oil can be seen in Table 1 , where constituents are listed in order of their elution from the DB-1 column.
Oxygenated monoterpenes, forming 96.3% of the total oil, were found to be the principal group of compounds, of which neral, geranial, geranyl acetate and geraniol were the main constituents, comprising 32.1, 21.6, 19.9 and 17.6%, respectively of the total oil, while other compounds constituted 3.5%. Compared with the oil composition of D. moldavica originating from Hungary [6, 7] , the observed quantitative and qualitative differences could be attributed to chemical variability.
The in vitro antimicrobial activity of D. moldavica essential oil and its main components citral, geraniol and geranyl acetate can be seen in Table 2 . The results show that all of the microorganisms tested were highly inhibited by the essential oil at the tested volume (10 μL/disc), with inhibition zones ranging from 15 -41 mm for bacteria and 29 -30 mm for fungi. The most sensitive ones were Bacillus subtilis, Staphylococcus aureus and S. epidermidis, with the lowest MIC value of 0.9 mg/mL. The MIC values obtained on fungal strains were 1.25 mg/mL.
In trying to find the factor responsible for such a high antimicrobial activity of the essential oil, citral, geraniol and geranyl acetate, the major components of the oil, were tested independently on the test microbial strains and showed high to moderate inhibitory properties. 
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RI, retention indices relative to C 6 -C 24 n-alkenes on the DB-1 column).
Considering sensitivity screening, it is conceivable that the activity of the oil from D. moldavica could be attributed mainly to the presence of citral, which displays potent bioactivity, as well as to synergistic reactions with other constituents (geraniol and geranyl acetate) of the oil, which when tested separately exhibited moderate to high antimicrobial activity against all the microorganisms except for Klebsiella pneumoniae.
The essential oil composition and the observed antimicrobial property reveal that the oil has a good potential for use in phytomedicine and aromatherapy, and supports the popular uses of this plant in folk medicine. Essential oil isolation procedure: Air-dried powdered plant material (100 g) was hydrodistilled for 3 h using a Clevenger type apparatus. The oil was dried over anhydrous sodium sulfate and kept in a sealed vial at 4ºC until analysis and tests. Essential oil analysis: GC analysis of the oil was conducted using a Thermoquest-Finnigan instrument equipped with a DB-1 fused silica column (60 m × 0.25 mm i.d., film thickness 0.25 μm). Nitrogen was used as the carrier gas at a constant flow of 1.1 mL/min. The oven temperature was held at 60ºC for 1 min, then programmed to 250ºC at a rate of 4ºC/min, and then held for 10 min. The injector and detector (FID) temperatures were kept at 250ºC and 280ºC, respectively. Quantitative analyses were calculated as component peak areas in the GC chromatogram relative to that of carvacrol as the internal standard. GC-MS analysis was carried out on a Thermoquest-Finnigan Trace GC-MS instrument equipped with a DB-1 fused silica column (60 m × 0.25 mm i.d., film thickness 0.25 μm). The oven temperature was raised from 60ºC to 250ºC at a rate of 5ºC /min, and then held at 250ºC for 10 min; transfer line temperature was 250ºC. The quadrupole mass spectrometer was scanned over 45-465 amu with an ionizing voltage of 70 eV and an ionization current of 150 μA. The constituents of the oil were identified by calculation of their retention indices under temperature-programmed conditions for nalkanes (C 6 -C 24 ) and the oil on DB-1 column under the same conditions. Identification of individual compounds was made by comparison of their mass spectra with those of the internal reference mass spectra library (Wiley 7.0) or with authentic compounds and confirmed by comparison of their retention indices with authentic compounds or with of those reported in the literature [14] [15] [16] [17] [18] . The incubation conditions used were 24 h at 37ºC for bacteria and 48 h at 24ºC for fungi. Minimum inhibitory concentration (MIC), defined as the lowest concentration of the sample that resulted in complete inhibition of visible growth in the broth, was measured by the microdilution broth susceptibility assay recommended by NCCLS [20] . Details of the procedures have previously been published [21] . All experiments were performed in triplicate.
